of CHIP and UFD2, CHN-1 and UFD-2, respectively. The
GST-UFD-2, unlike CHN-1 that lacks the U box (CHN-1 ⌬U box ) Enzyme LET-70 ( Figure 2D ). These results indicate that, if translated, We identified a 26% identical U box containing C. elethe gene product of chn-1(by155) would be unable to gans homolog of yeast UFD2 (Koegl et al., 1999) and interact with UFD-2. Furthermore, CHN-1 ⌬ is also not named it ufd-2 (open reading frame T05H10.5). To invesable to interact with the C. elegans Hsp70 homolog tigate the role of UFD-2 in C. elegans, we screened for HSP-1 ( Figure 2E ). interaction partners using the yeast two-hybrid system
The chn-1(by155) mutant is viable and displays no and identified CHN-1, a homolog of the human E4 enobvious morphological defects. We identified no signifizyme CHIP (Cyr et al., 2002) ( Figure 1A ). We confirmed cant alterations under normal growth conditions (data this interaction by demonstrating that bacterially exnot shown), but we observed a reduced brood size pressed myc-tagged CHN-1 ( myc CHN-1) interacted with a (250 Ϯ 6 progenies [n ϭ 18] in contrast to 297 Ϯ 5 glutathione S-transferase (GST)-UFD-2 protein purified progenies [n ϭ 18] for N2 wild-type at 20ЊC). Shifting from E. coli and vice versa ( Figure 1B and data not chn-1 mutants to temperatures higher than 30ЊC before shown). Additional two-hybrid analysis ( Figure 2E ) and they produced eggs led to developmental arrest and in vitro protein binding assays showed that the C. elelethality at different larval stages in the F1 generation gans Hsp70 homolog HSP-1 is able to interact with (data not shown). chn-1(RNAi)-treated wild-type nema-CHN-1 ( Figure 1C ) and does not compete for UFD-2 todes display similar temperature sensitivity (C. Holmbinding ( Figure 1D ).
berg and R. Morimoto, personal communication). Self-ubiquitylation is characteristic for enzymes that
We generated a strain that was transheterozygous belong to the ubiquitin system (Lorick et al., 1999) . To for chn-1(by155) and chn-1(ok459), which represents a study the enzymatic activities of UFD-2 and CHN-1, we loss-of-function allele (isolated by the C. elegans Gene performed an assay in which self-ubiquitylation in the Knockout Consortium, Oklahoma) ( Figure 2A ). Seven out absence of a specific substrate reveals ubiquitin conjuof eight chn-1(by155)/chn-1(ok459) transheterozygotes gation that occurs on the ubiquitin ligase itself. UFD-2 or behaved like chn-1(by155) homozygotes. This supports CHN-1 was incubated in separate reactions containing our conclusion that by155 is a complete loss-of-function ubiquitin, E1, and the purified C. elegans E2 enzymes allele. In an independent two-hybrid analysis, UFD-2 was pre-UFD-2 ( myc UFD-2) showed self-ubiquitylation only in conviously shown to bind UNC-45 (D. Pilgrim, personal comjunction with LET-70 but not with UBC-18 ( Figure 1E) . munication). We found that purified FLAG-tagged UNCInterestingly, CHN-1 self-ubiquitylation showed the 45 ( FLAG UNC-45) interacted with purified GST-UFD-2 same dependency on LET-70 ( Figure 1F ). UFD-2 or ( Figure 3A) . UNC-45 has recently been shown to bind CHN-1 lacking the U box had no self-ubiquitylation activHsp90 and myosin (Barral et al., 2002). In our pull-down ity ( Figures 1E and 1F) . To test whether CHN-1 has any assays, Hsp90 did not compete for the interaction beinfluence on UFD-2 self-ubiquitylation or vice versa, we tween UFD-2 and UNC-45 (data not shown). compared in vitro self-ubiquitylation of UFD-2 or CHN-1
We also found that a GST-tagged version of CHN-1 in the absence and in the presence of excess amounts bound purified UNC-45. To compare their binding effiof CHN-1 or UFD-2, respectively. There was no apparent ciencies, we performed pull-downs using equimolar difference in the efficiency of the reactions (Figures 1E amounts of GST-UFD-2 or GST-CHN-1 with identical and 1F). Taken together, these results suggest that amounts of UNC-45. GST-UFD-2 bound ‫-02ف‬fold more UFD-2 and CHN-1 act in the same conjugation pathway.
UNC-45 when compared to GST-CHN-1 ( Figure 3B ). Next, we examined whether there was any competition between CHN-1 and UNC-45 for UFD-2 binding. Binary A chn-1 Loss-of-Function Mutant Is Linked to Stress Tolerance mixtures containing immobilized UFD-2 and either UNC-45 or CHN-1 and a ternary mixture containing all three To obtain insight into the in vivo function of chn-1, we isolated a deletion mutant of chn-1 after screening a proteins were set up and analyzed. Approximately equimolar complexes were detected between UFD-2 and C. elegans deletion library. The allele by155 results from a 0.9 kilobase deletion that removes the 3Ј splice site both CHN-1 and UNC-45 in the binary mixtures and among the three proteins in the ternary mixture. There were absent from the intestine (Figures 3D-3H ). UNC-45 has previously been shown to be expressed in body was no significant change in binding of either UNC-45 or CHN-1 to UFD-2 in the ternary mixture compared to wall muscle cells throughout development (Ao and Pilgrim, 2000; Venolia et al., 1999). Importantly, the P chn-1 :: the binary mixtures ( Figure 3C ). We conclude that UFD-2 is able to bind CHN-1 and UNC-45 simultaneously.
GFP::chn-1 construct used for expression analyses is able to rescue chn-1(by155) ( Figure 4A Figure 5C ). In contrast, growth at the permissive tempertype). These eggs hatch and develop inside the mother, hanced brood size in contrast to the single mutants chn-1 cDNA under the muscle-specific control of the unc-54 promoter ( Figure 4A ). This transgenic rescue inbut still not equivalent to the wild-type ( Figure 4B ). The specificity of this genetic interaction was demonstrated dicates that the suppression of temperature-sensitive unc-45 alleles is due to the deletion in the chn-1 gene. with the restoration of the Bag phenotype to unc-45 (ts) mutant behavior by the expression of a functional copy Furthermore, expression of each transgene alone on a wild-type background shows no effect on muscle strucof chn-1 from a genomic subclone (identical to the one used for the expression studies in Figures 3D-3F) or the ture (data not shown). In order to detect subtle move-ment defects, temperature-shifted worms were allowed of unc-45 in the chn-1(by155) mutant lead to a dramatic Unc phenotype, resulting in animals that are fully parato crawl for 1 hr on agar plates completely seeded with lyzed. a lawn of E. coli cells, and the traces were then photoWe next sought to study the defects in muscle strucgraphed ( Figure 4C) 
